Background: Immunosuppressed inflammatory bowel disease (IBD) patients are at increased risk to develop extra-intestinal malignancies. Immunosuppressed transplant patients show increased incidence of head and neck cancer with impaired survival. This study aims to identify risk factors for oral cavity (OCC) and pharyngeal carcinoma (PC) development in IBD, to compare clinical characteristics in IBD with the general population, and to assess the influence of immunosuppressive medication on survival.
INTRODUCTION
Inflammatory bowel disease (IBD) is mainly diagnosed in young people and is characterized by chronic relapsing intestinal inflammation. The majority of IBD patients need long-term treatment with immunosuppressive medication to control the disease and prevent complications. 1, 2 Furthermore, they have an increased risk of developing both intestinal and extra-intestinal malignancies (EIMs). 3 Immunosuppressive therapy can cause DNA damage and decrease immune surveillance, subsequently increasing EIM risk. [4] [5] [6] Reduced immune surveillance of the human papillomavirus (HPV), for example, is one of the contributing factors for the increased incidence of cervical cancer in patients with immunosuppression. [7] [8] [9] [10] HPV is associated with head and neck cancers (HNCs) as well, suggesting that immunosuppression use in IBD patients may also impact HNC risk in these patients. HPVassociated HNCs primarily occur in the (oro)pharynx of young patients 11 without a history of excessive exposure to alcohol and tobacco 12 and account for more than one-half of cancers of the oropharynx in the United States. 13 There is an approximately 2-to 4-fold increased risk of cancers of the oral cavity and oropharynx in patients infected with high-risk (oncogenic) HPV types. However, the reported prevalence seems to vary between countries. Recent studies on the prevalence in the Netherlands show lower prevalence. [14] [15] [16] In immunosuppressed transplant patients, the incidence of HNC is doubled compared with the general population. 17, 18 The outcome is worse in this group of immunosuppressed patients, 17, 19 which may be associated with high-dose immunosuppression.
Conflicting data on HNC risk in IBD are reported. Danish historical cohorts show no increased risk for lip, oral cavity, and pharyngeal cancer, 20, 21 while more recent US data show a standardized incidence ratio (SIR) for oral cancer of 9.77 (95% confidence interval [CI], 5. 14-16.98) 22 in IBD patients. Various reports advocate regular oral screening. 23, 24 Currently, studies on risk factor for HNC development and HNC outcome in IBD patients are lacking. We hypothesized a worse outcome for oral cavity cancer (OCC) and pharyngeal cancer (PC) in IBD patients treated with immunosuppression in comparison with the general population.
In this study, we aimed to (1) identify risk factors in IBD patients that contribute to the development of OCC and PC and (2) compare the clinical characteristics, outcome, and survival of OCC and PC in IBD patients with the general population.
METHODS

Study Design
This study consisted of 2 retrospective case-control studies. Cases included IBD patients who developed OCC or PC and were selected through PALGA. PALGA is the national nationwide registry of cyto-and histopathology of the Netherlands. 25 Case-Control Study 1 (I) For the identification of risk factors for the development of OCC and PC in IBD patients, we compared IBD cases with HNC with IBD controls. Controls were randomly extracted from a population-based IBD cohort in the Netherlands (IBD South Limburg [IBDSL]). 26 Case-Control Study 2 (II) For the comparison of clinical characteristics and outcomes of OCC and PC between patients with and without IBD, we compared IBD cases with HNC with controls: patients with HNC from the general population. Controls were extracted from the Eindhoven Cancer Registry (ECR), a part of the 
Case Selection
For the identification of all IBD patients with HNC from January 1, 1993, until December 31, 2012, in the Netherlands, a search was performed in the national pathology database PALGA. PALGA has had nationwide coverage since 1991 25 and covers all academic and nonacademic Dutch pathology laboratories. Search terms for IBD included "ulcerative colitis" or "Crohn's disease" or "indeterminate colitis" or "chronic idiopathic inflammatory bowel disease." These terms were combined with search terms for HNC, including "head -neck" or "pharynx" or "mouth" or "oral cavity" or "lip" or "tongue" or "tooth" or "tonsil" or "adenoid."
An initial selection of cases was made based on pathology reports. Subsequently, medical charts were investigated for definitive inclusion or exclusion. All IBD patients with primary OCC and PC were included in this study. For this study, the exclusion criteria were OCC and PC in situ, lymphoma, diagnosis of IBD >3 months after OCC or PC diagnosis, OCC or PC diagnosis before 1993 or after 2012, and no confirmed diagnosis of IBD.
Case Control Study 1 (I): IBDSL Cohort Controls
To identify risk factors, we randomly included IBD controls diagnosed in the period 1991-2011 from the (population-based) IBDSL cohort.
The IBDSL cohort comprises adult IBD patients who were diagnosed between 1991 and 2011 in the South-Limburg area of the Netherlands. The South-Limburg region is a well-defined geographic region in the southeast of the Netherlands, with borders to Belgium and Germany and narrowly to the rest of the Netherlands in the north. Its geographic isolation results in a low net migration rate: 2.1 per 1000 inhabitants per year, favoring population research. A recent completeness check showed that 93% of all appropriate IBD patients from South-Limburg are currently registered in the IBDSL cohort. For detailed information on the IBDSL cohort, we refer to the cohort profile. 26 One thousand eight hundred patients with an IBD diagnosis between 1991 and 2011 were randomly included, similar to our previous studies. [27] [28] [29] We chose an unmatched study design as we had a relatively large number of cases. This allowed us to adjust for possible confounders and avoid missing potential risk factors. 
Case Control Study 2 (II): ECR Controls
For the comparison of clinical characteristics and outcome of HNC in IBD with the general population, controls with OCC and PC were identified from the ECR. The ECR is managed by the Netherlands Comprehensive Cancer Organisation (NCCO) and prospectively has been registering all newly diagnosed cancers in the Southeast of the Netherlands since 1989. It covers a region with 2.3 million inhabitants (about 15% of the Dutch population), including more than 95% of all cancers in this area (http://www.eindhovencancerregistry.nl). The search terms used in this registry were C00, C02, C03, C04, C05, C06, C09, C10, C11, C12, C13, and C14, according to the ICD-0, third edition. 30 We included all OPC and PC controls in the period from January 1, 1993, to December 31, 2012. In situ cancers and lymphomas were excluded.
Data Extraction
Three authors (L.N., L.D., and A.J.) reviewed the medical charts of IBD cases, which were anonymized, and extracted data of both IBD and HNC diagnosis. Data that were collected for the IBD cases included sex, date of birth, medical history, alcohol and smoking history, height, and weight. IBD variables that were collected: type of IBD based on histopathologic evaluation, date of IBD diagnosis, IBD phenotype (Montreal Classification), 31 presence of primary sclerosing cholangitis, IBD medication use (5-aminosalicylates, corticosteroids, thiopurines, methotrexate, calcineurin inhibitors, and anti-TNF therapy), period of therapy use, and number and type of surgery. IBD diagnosis was predicated on a combination of several criteria: clinical, endoscopic, histological, and radiographic criteria. 32 For IBD controls from the IBDSL, same variables were collected, although alcohol and smoking history were only partially available and duration of immunosuppressive medication was not available.
HNC characteristics for cases and controls included diagnosis date, location and tumor stage according the TNM classification (7th edition), previous HNC or radiation, differentiation grade, primary treatment, (local) recurrence, and overall survival.
IBD cases were encrypted and anonymously linked to the Dutch Cancer Registry database, for reasons of quality control and completion of collected HNC data.
HPV Detection and Genotyping
Sample preparation
We isolated DNA from formalin-fixed paraffin-embedded (FFPE) tissue samples (4 µM) with the EZ1 robot (Qiagen, Germany, with the DNA tissue kit of Qiagen) according to standard procedures (19) . We used them for polymerase chain reaction (PCR) analysis. We included a negative water control with each batch of samples (10) .
Immunohistochemistry
For immunostaining, we used an anti-p16 monoclonal antibody (clone G 175-405; BD Pharmi ngen, San Diego, CA, USA) with a 1:10 dilution. As positive control, we used cervical cancer tissue with high p16 expression. We scored the p16 immunohistochemistry positive in case there was strong nuclear and cytoplasmic staining present in more than 70% of the malignant cells. All other p16 immunohistochemistry patterns were scored as negative.
HPV-DNA detection and typing
For the broad-spectrum HPV-DNA amplification performance, we used a short PCR fragment assay (HPV SPF 10 -LiPA 25 , version 1; Labo Bio-medical Products B.V., Rijswijk, the Netherlands). This assay amplifies a 65-bp fragment of the L1 open reading frame of HPV genotypes. 33 For the HPV genotyping, we used a cocktail of 9 conservative probes in a micro titer hybridization assay, the DNA enzyme immunoassay (DEIA). The samples positive for HPV by DEIA were subsequently analyzed with the line probe assay (LiPA25) by reverse hybridization with type-specific probes (for HPV 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45 , 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70, and 74). We inspected and interpreted the LiPA strips visually following the standardized reference guide. Phocine herpesvirus was used as an internal amplification control.
Statistics
For case-control studies 1 (I) and 2 (II), we assessed possible risk factors, HNC characteristics, and outcomes between cases and controls with a univariable analyses. We used a X 2 test or Fisher exact test (if suitable) to analyze categorical data. We used an independent Student t test or Mann-Whitney U test to No risk factors identified analyze continuous data. We included variables with a P value of <0.1 in the univariable analyses in a multivariable model. For case-control study 1 (I), a multivariable logistic regression model with backward sampling was performed. In this model, we adjusted for the follow-up duration (fixed variable).
We defined follow-up as time since IBD diagnosis until the date of HNC diagnosis (for cases) or the end of follow-up or death (for controls). We made the model for CD and UC patients for the identification of independent risk factors for development of HNC. Because use of medication, especially in the distant past, may not be reliable and may differ from current treatment regimes, we did not include use of medication in the primary multivariable analysis. Therefore, we performed a second multivariable logistic regression analysis (which we called sensitivity analysis). These analyses included patients with an IBD diagnosis since 1991 in both the case and control groups. Medication use was included in this second logistic regression model. For case-control study 2 (II), Kaplan-Meier survival curves were made, and we performed log-rank analysis. Subsequently, we performed confounder correction with a Cox regression model with forward sampling. We considered a covariate a confounder when the beta coefficient of the variable changed by 10% or more. As the clinical behavior (and TNM classification) is different for PC subsites (oro-, naso-, and hypopharynx), TNM stage and survival were analyzed separately.
We considered a P value of <0.05 statistically significant. All statistical analyses were performed with IBM SPSS statistics, version 20.0 (SPSS Inc, Chicago, IL, USA).
RESULTS
Cases and Controls
The initial PALGA search yielded 760 IBD and cancer cases. First, we excluded 466 patients who did not present with either an OCC or a PC (Fig. 1) . Second, 197 patients were excluded who did not have confirmed IBD in their medical records, resulting in 31 patients with PC and 66 with OCC.
For case-control study I, 1800 IBD controls were randomly selected from the IBDSL. For case-control study II, we included 2141 patients with OCC and 1552 with a PC from the ECR (Fig. 2) .
Case Control Study I: Risk Factors for OCC and PC Development in IBD Patients
OCC
The univariable comparison between IBD cases and IBDSL controls (Table 1) showed that cases were older at IBD diagnosis (median 53.5 vs 39.0 years; P < 0.01) and were more frequently male (66.7% vs 46.5%; P < 0.01). UC cases had more extensive disease (Montreal E3 disease: 50.0% vs 28.1%; P < 0.01), and CD patients had more frequent Montreal L4 disease (20.0% vs 3.6%; P = 0.037). IBD cases used more steroids compared with IBDSL controls (77.2% vs 66.8%; P = 0.03). We found no statistical difference in use of thiopurines (cases 52.6 % vs controls 39.8%; P = 0.06) and anti-TNF therapy (cases 10.5% vs controls 19.4%; P = 0.08).
In the multivariable logistic regression model, age at IBD diagnosis remained an independent risk factor to develop OCC in both UC (OR, 1.03; 95% CI, 1.01-1.06) and CD (OR, 1.04; 95% CI, 1.02-1.07) ( Table 2 ). For CD, Montreal L4 disease (OR, 1.10; 95% CI, 1.04-1.17) was an additional risk factor.
PC
We included 31 IBD cases with PC: 25 with oropharyngeal carcinoma (OPC) and 6 with hypopharyngeal carcinoma (HPC) (Fig. 1) . The univariable comparison between cases and IBDSL controls only showed a difference in tobacco use in CD patients (100% vs 62.5%; P < 0.01). We found no differences in use of medication: thiopurines P = 0.62 (cases 45.5% vs controls 39.8%) and anti-TNF P = 1.00 (cases 18.1% vs controls 19.4%).
In the multivariable logistic regression model (Table 2) , no risk factors remained for CD. For UC, age at IBD diagnoses was an independent risk factor (OR, 1.05; 95% CI, 1.08-1.06).
The sensitivity analysis revealed a protective effect of 5-aminosalicylates for OPC in UC patients (OR, 0.02; 95% CI, 0.01-0.09) ( Table 2) .
Case-Control Study II: OCC and PC Cases vs ECR Controls
OCC IBD cases had a lower median age at OCC diagnosis (60.5 vs 65.0 years; P = 0.02) compared with controls (Table 3) . OCC cases had less frequent well-differentiated tumors (12.2% vs 27.5%; P = 0.03), and there was a trend toward a lower TNM stage (P = 0.05). Overall survival was similar in the univariable analysis (P = 0.30) ( Supplementary Fig. 1 ). However, adjusted for confounders, IBD cases showed worse survival (P = 0.02) ( Fig. 3) . Immunosuppressive therapy did not negatively affect overall survival following OCC (P = 0.43) ( Supplementary  Fig. 1 ). 
PC
Despite a lower T stage (T1-T2: 75.0% vs 47.5%; P = 0.02) ( Table 4 ) in IBD patients with OPC, comparable TNM stage (P = 0.06) and survival (P = 0.50) were found compared with controls. Immunosuppressive therapy did not negatively affect overall survival following OPC (P = 0.10 and P = 0.07) ( Supplementary Fig. 2A ). We found no difference in survival between HPV-positive and -negative OPCs (P = 0.45).
IBD patients with HPC (n = 6) had a lower TNM stage (P = 0.03) ( Table 4 ) and better overall survival compared with the general population (P = 0.01) ( Supplementary Fig. 2B ).
Both OPC and HPC cases underwent surgery more frequently (46.7% vs 22.4%; P < 0.01) ( Table 4 ).
Histopathology and HPV Analysis
We obtained tissue from 48 of 66 identified OCC cases for further analyses. All cases were squamous cell carcinomas, and 5 of 48 tumors (10.4%) were p16 positive, suggesting the possibility of HPV-related cancers. Subsequent HPV testing of these 5 cases revealed 3 cases with HPV 16 infection and 2 cases without HPV detection. In addition, we obtained tissue from 27 of 31 PC patients for further analyses (Fig. 4) . The p16-positive cases (n = 11) were all HPV positive and were all oropharyngeal of origin. Of the OPC, 12 of 23 (52.2%) were HPV positive, most HPV 16 (10/12; 83.3%). In 8 of 12 HPV-positive cases, we were informed about medication use: 6 used immunosuppressive therapy before HNC diagnosis (4/6 at least thiopurines).
DISCUSSION
In this nationwide study, we found that IBD patients with OCC have impaired survival compared with the general population, adjusted for TNM stage. Higher age at IBD diagnosis was a risk factor for OCC development in IBD and for PC in UC. Proximal CD localization was another risk factor for OCC development. Furthermore, we found that 52.2% of IBDassociated oropharyngeal cancers were HPV positive compared with 30% in the general Dutch population. Immunosuppression did not impact the survival of patients with HNC in IBD.
We showed that 52.2% of the OPCs in IBD were HPV positive, which is in line with the reported prevalence of HPV-positive OPCs in the (international) general population. 34 However, the reported prevalence seems to vary between countries, and in recent studies on the prevalence in the Netherlands, lower figures (30 %) have been reported. [14] [15] [16] Differences in HPV prevalence between IBD patients with and without immunosuppression could not be determined due to the limited number of cases. In the general population, patients with HPV-positive tumors have better outcomes, but in IBD cases, no difference in survival was observed. As OPC incidence is increasing, mainly due to the increased incidence of HPV-positive OPCs, the potential impact of prophylactic HPV vaccines is of interest. 35, 36 This especially applies to immunosuppressed patients on thiopurine therapy, as reduced immunosurveillance may cause persisting HPV infections.
In line with colorectal cancer in IBD, OCC in IBD arises at a younger age (median, 60.5 vs 65.0 years; P = 0.021) and has an impaired prognosis. 3 Furthermore, immunosuppressive therapy may promote tumor progression and impair survival. 6, 37 However, we found no difference in tumor stage and overall survival in our cohort regardless of immunosuppression use. More specifically, thiopurines, methotrexate, and anti-TNF therapy did not impact risk of HNC or outcomes after treatment for HNC. These results must be interpreted with caution due to the limited number of IBD patients with HNC. Furthermore, clinicians fear the negative impact of immunosuppression on cancer outcomes; thus immunosuppression may only be used in patients with a favorable risk profile. Finally, Penn 38 showed that the risk of recurrence for (renal) transplant patients is highest in the first 2 years after malignancy diagnosis. Our data may have been influenced by wide variations in the commencement of immunosuppressive therapy after cancer diagnosis.
We indentified 2 risk factors for HNC development in IBD: first, proximally localized disease in CD patients (Montreal L4, including oral cavity inflammation; OR, 1.103; 95% CI, 1.040-1.170; P = 0.028). This may be related to upper gastrointestinal IBD-related inflammation. Furthermore, we identified older age at IBD diagnosis as a risk factor for both OCC and PC development. This is an interesting observation that is in line with other cancer types in IBD, 27, 39 although our study does not provide an explanation for this observation.
To date, this is the largest systematically collected series of OCC and PC in IBD patients. However, our study also comes with several limitations, such as its retrospective nature. Especially in cases who were enrolled in early years, it was challenging to collect accurate and complete information. Therefore, we also performed a sensitivity analysis, enrolling only cases diagnosed with IBD after 1990. This did not show immunosuppressive therapy as a risk factor for OCC or PC development. Second, we used 3 different databases that were constructed in different ways to address our hypothesis. Our data search was retrospective, while the IBDSL and the cancer registry (including ECR) collect prospectively. Unfortunately, there is no single database available that could have answered our research questions sufficiently. Third, in heavy smokers, there is a 5-to 25-fold increased risk of cancer, in comparison with nonsmokers. This relation seems dose dependent. The relative risk to develop HNC due to alcohol also seems dose dependent. A compounded effect was found for the combination of tobacco smoking and alcohol consumption. Unfortunately, these important data on tobacco and alcohol use were incomplete for the ECR and IBDSL. Only smoking data for Crohn's disease patients were available. In univariable analyses, smoking emerged as a risk factor for PC, but not in multivariable analyses. This may be due to the limited numbers.
As HPV presence is correlated inversely with tobacco (and alcohol) consumption and is an important risk factor especially for (oro)pharyngeal cancer, this would provide important additional information. Unfortunately, these data were not available for the IBDSL and ECR controls.
Finally, for several variables in the analyses, there are missing values. For these variables, results should be interpreted cautiously, as no firm conclusions can be drawn. Some authors 22, 24 have suggested oral screening for all IBD patients, especially those who are starting immunosuppression. As the incidence of HNC in IBD in general is low and no well-defined premalignant lesions analogous to cervical intraepithelial neoplasia in cervical cancer have been established yet, we would recommend increased awareness for HNC in IBD rather than active screening, especially in elderly onset IBD.
In conclusion, we found that IBD patients with OCC may have reduced survival compared with the general population. Proximal disease localization in CD is a risk factor for OCC development. The majority (52.2%) of IBD-associated oropharyngeal cancers were HPV positive. Immunosuppression did not impact incidence and survival of HNC in IBD.
